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TANK TESTS OF liODELSOF FLYING-BOATHULLS

HAVING LONGITUDINALSTEPS

By John LI.Allison and Kenneth E. Ward

SUMMARY

Four models with longitudinalsteps on the forebody
were developedby modificationof .amodel of a conventional
hull and were testedin the N.A.C.A. tank. The same af-
terbody,of the usual V-section,was used.with all the
forelodiesand the depth of the transversestep at the
keel was the same in all cases. TWO models had tvro 10ZI-

gitudinalsteps on each side, one with constantdead riqe
and depth of steps, the other with varyingdead rises be-
tween steps and difforen-tdepths of steps.. The:other two
models each had one longitudinalstep and were derived
from the second of”the two-stepmodels by elirninat~ng
first the inboardand then the outboard step alternative.ly,

The models with longitudinalsteps were found to have
smallerresistanceat high speed and greater resis–tanceat
low speed than the parent model that ha?-the same after-
body but a conventionalV-sectionforebody. The models
with a single longitudinalstep had better p~rformanceat
hump speed:andas low high-speedresistanceexcept at’”very
light loads. .

Spray stripsat angles from 0° to 45° to the horizon-
tal were fitted at the longitudinalsteps ari~-aithe chine
on one of the two-stepmodels having two longitudinal “-

-

r’
.

.

steps. The resistanceand the height of the spray were
less with each of the spray strips than without; the most
favorableangle was found to lie between 15U’and 300. 1.
Spray strips of two difforeatwiatks (0.020and 0.007 beam)
were fitted and it was found that the resistanceWas
slightlygreaterwith the narrower strip. Eliminatingthe
spray strip on the outboard step was found to decroascbut
little the.effectivenessof the combination. Iri”’i- an-
other phase of the investigationthe inboard-and ou+loar&4 step spray strips were shortenedwithoutadding appreciably
to the resistanceor the height of the bow wave. —
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INTRODUCTION

Longitudinallyfluted or steppedbottomshave been
used on the hulls of seaplanesin this countryand abroad
to reduce the high-speedresistanceof-the hull in the
water and, in some cases, to reduce the height of the
spray. Hulls of this type have discontinuitiesin the
transversesections,which may be produced either by sharp
intersectionsof curved sectionlines,as in the case of
the fluted bottom,or by verticallongitudinalstepe in
the bet-tomsurface. Tank tests of hulls having fluted
bottomshave been reported in references1 and 2. The
second type of hull, that having longitudinalstepe,is
consideredin the present report. Both types,as usedin
practice,have at least one transversestep in addition to
the longitudinalsteps.

Althoughmodels havfng longitudinalsteps have been
testedand the resultspublished (references3 and .4),so
far as is known no correlationof the results with the
tests of similaror parent models has been made. In the
present investigation,th-elongittiinal-stepmodels were
derivedfrom one parent model of conventionalform, and
the changesin performancedue to longitudinalsteps of
certaintypes were determined. Two importantvariables,
the angle of dead rise and the depth ofithe transverse
step,were necessarilysomewhataffected by the modifica-
tions. It was believedthat a comparisonof the results,
however, would show the generaleffects of convertinga
conventionalhull into one having longitudinalsteps. Fur-
ther investigation in the N,A.C.A. tank,of the effectsof
longitudinalstepsare contemplated,in which it 5s pro-
posed to determine t-heindividualforces on the forehody
and afterbodymeasuredsimultaneously. This type of test
shouldpermit a study of the effects on both the forebody
and the”af%=rbodydue to the longitudinaleteps,

Extensivetestsh~ve been made of models having spray
stripsinstalledon thechines(references5 and 6) and i-t
has been shown that spray stripsare effective indeduclng
‘both the resistanceand the spray. In the presant series
of tests,models with spray stripsat each longitudinal
step were tested to determinetheir effectiveness.

In the testsherein described,the effectsof elimi-
nating the spray strips on the outboard stepsand of =hort-
ening the stripson both the inboardand the outboardsteps

*
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were studied to determine,if possible, the minimum number
and length of stripsrequiredto keep down the resistance
on a model of this type.

APPARATUSAND PROCEDUR3J

The N.A,C.A. tank and equipmentused in these tests
were essentiallyas describedin reference1 with the ex-
ceptionof a differenttypo of towing gear, which has boon
doscrihodin reference7. For this series of tests the
towing gear was laterallyrestrainedhy ball-bearingroll-
ers running on vertical guide bars fixed to the carriage.

Most of the models were tested by the general method,
which consistsof towing the model at severalfixed trims
using a number of constant loads over a range of speeds.
The load on the water and the trim are made the independent
test variablesfor which simultaneousvalues of speed,re-
sistance,trimmingmoment, and draft are recorded. suffi-
cient trims are tried to determineby cross plots the best
trim; that is, the trim giving minimum resistancefor every
load and speed used.

.

DESCRIPTIONOF MODELS

The lines of model 11-C, the parent of the models used
in the present investigation,are shown in figure 1. Con-
versions into longitudinal-step”models were made by insert-
ing blocks in tho forebody. All the variationshad the
same afterbodyand the depth of the step at the kneelwas
kept constant. The followingtable gives the principal
data requiredfor the identificationof the difforontmo&
els.
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Model Offsets

!l!able

11-0 I
11-3 II

11-E-1 --

11-E-2 --
11-E-3 --
11-E-4 :-
11-E-5 --
11-L6 --

11-E-7 --
11-Y 111

1n-l?- --
U-P-3 --

11-M Iv
11-N v

?hotograpl

Figure
--
Z(a)

--

--
--
--
---
--

Zii)

--

--
--

2(C)
Z(d)

)rawing

l?igure

l,3(a)
3(b)

--

--
--
--
--
--

--

3(C)

-.

--
--

3(d)
3(e)

Test data

Figure

4t09
10 to 15

16 to a

22to27
28 tO 32
33 to 3’7
38 to 43
44 to 49

W1 to 55
56 to 61

62 to67

68
68

69 to ’74
75 to so

Description

Parent.
Taxying dead risel, two longitudinalstepsz:
no spray 8trips.
11-E with three sprsy stripsO.CMI beam in width
bent down 45°; inboardand chine strips1.78
beam, outboerdl.49beam in length.
Same as 11-E-1 except spray stripsbent down 30°.
Same as 11-E-1 except sprsy stripsbent down 15°.
Ssme as 11-E-1 except spray strips set at OO.
11-v-2 with outboard-stepspray strips removed.
11-E witihthree spray strips0.007 beam in width
bent down 30°.
11-E-6 with outboard-stepspray stripsremoved.
Constant dead risel, two longitudinal@ps2; no
spray strips.

11-F with three spray stripsO.0~ beam in width
bent down 300; strip length same as for 11-E-1.
11-F-1 with inboud strip shortenedto 1.05 beem.
11-P with outboard strip shortenedto 0.90 beam
and inboard strip shortenedto 0.61 beam.
11-E with inboard step ellmi.nated.
11-E with outboardstep eliminated.

‘me dead rise of the individualpkningbottoms separatedby the longitudinalstepB. (See figs.)

2
Two longitudinalsteps on each eide of longitudinalcenter line of model.

IF.

I



.8’

N.A.C.A. TechnicalNote No. 574 6

RESULTS

Test data.- In figures 4 to 80 resistanceand trim-—.
ming moment are plotted against speed for each trim T
with load as a parameter. The air drag of the model was
includedin the water resistanceof the model. The center
about which the moments were taken is shown.infigure 1.
Moments tending to raise the bow were ‘consideredpositive.
Trimswere measuredbetween tho horizontaland the base
line, which in this case was the deck line of the model,

Nondim@nslonalresults.-Tho resistanceat a given
speed and load was plotted against trim to ~,ete.rminethe
minimum. The minimumvalues of t-her-e”si-stance”‘were~hen”
reducedto nondimensionalform and are prosontedas curves
of resistancecoefficientagainst speed coefficientwith
load coofficiontas tiparametor. The nondimensionalco-
efficientsused are defined as follows:

Load coefficient, c~=&

R
Resistancecoefficient, CR = w-

.,
Trimming-momentcoefficient, CM =

_M_ .“
wb&

v
Speed coefficient, Cv . ——

m

where A is the load on the water, lb.

R, resistance,lb.

M, trimmingmomen”t,lb.-ft.

“’V, speed, ft./see.

w, specificweight of water, lb./cu. ft. (63.5for
the present test).

b, beam of hull, ft.

g, accelerationof gravit”y,ft./see? .

The trimming-momentcoefficientand the draft-beam
ratio at rest are plotted in figures 81 and 82. They are
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useful in calculatinglongitudinalstabilityand in deter-
miningwater lines of the hull for various static cond9.-
tions.

DISCUSSION

Effect of LongitudinalSteps

Resistancecharacteristic~.- Longitudinalstepswere
found in generalto increasethe hump resistanceand tc--
decreasethe high-speedresistance. The increaseat the
hump may be attributedpartly to the increasedturbulence
produced in the cross flow by the sharp discontinuities;
the decreaseat high speed is due to the fact that the wa-
ter is thrown clear of the bottomat the longitudinal
stepsand the resistanceis loweredby thus decreasingthe
effectivebeam and wottod surface. When making compari-
sons of the models,it shouldbe rememberedthat two vari-
ables, the angle of dead rise and the depth of the trans-
verse step,are affectedby variationsof the longitudinal
steps. The curvesof resistancecoefficientat best trim
against speed coefficientfor models 11-C, 11-U, and 11-F
are shown in figures83, 84, and 85; the load-resistance
ratio at hump speedand at two high speeds is shown in
figure 86. Model 11-C, the parent model, has smallerhump
resistanceand greaterhigh-speedresistancethan either
of the two-stepmodels,which show to the best advantage
at high speedsand light loads. Model 11-E (varyingangle
of dead rise) has greater hump resistanceand smallerhigh-
speed resistancethan model 1,1-F(constantangle of dead
rise). liostof this change can probablybe attributedto
the greaterdepth of the inboardstep of 11-E.

A comparisonof the resistanceof model 11-E and its
derivedforms, 11-M and 11-N, can be made from figures84,
87, 88, and 89. The curves show that eliminatingthe out-
board step of 11-E (model11-N) lowers the resistanceat
the hump, probablyby reducingthe amount of turbulence.
Resistanceat high spood is not changedmuch becauso the
effectivebeam remains the same. Eliminatingthe inboard
step (model11-M) considerablylowers the hump resistance
but increasesthe resistanceat high speedsand light
loads since the effectivebeam has been increased.

It is concludedthat single longitudinal-stephulls
of the types testedare superiorto those having two steps

*
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inasmuchas, by the proper selectionof the distancebe-
tween the steps, the hump resistancecan be reduced while
the high-speedresistancerematns relativelyunaffected.

TrimminZ-momentand trim characteristics,- The effect
on best trim produced by convertingthe parent, 11-C, into
the two-stepvariations,11-E and 11-F, is shown in figure
90. Model 11-C has, in general,a greaterbest trim at
all speeds than the derivedmodels, which may be partly ac.
countedfor by its greater effectiveangle of dead rise.
Model 11-C also shows a lower maximum positive trimmingmo-
ment at hump speed for best trim than 11-E and 11-F.

Effect of Spray Strips
,.

Resistancecharacteristics.-A detailed;comparisonof
the effect of angle of spray strip on resistance,made from
fiares 91 to 94 (CR against Cv), shows that the resist-
ance changes slowlywith a moderate change in the angle of
spray strip. The load-resistanceratio, A/R, plotted
against the angle of the spray strip in figure 95 for three
typicalvalues of the speed coefficientwas developedfrom
these figures. At hump speed there is very little differ.
ence in A/R with change in angla of sp~ay strip. At
higher speeds the optimum angle apparently lies between 150
and 30°; the angle increaseswith load.

A comparisonof the resistancecoefficientsat the
same load and speed by means of the ~ against CV
curves of models 11-E-2 and 11-E-6 (figs.92 and 97) shows
that the resistanceis not very sensitiveto changes in
width of spray strip. The change was purposelymade groat
(0.020b ‘GO 0.007b)with the intentionof te-stinginter-
mediate widths if the results showed considerablediffer-
ence. Model lZ-W2 has slightlylower resistanceat speeds
between the hump and moderatelyhigh speeds;at other
speeds the resistancesare practicallythe same. All the
models fitted with spray strips show improvementover the
model without spray strips. A comparisonof the resistance
curves of models 11-E-2 and 11-E-5 (figs.92 and 96) shows
that removing the spray strip from the outboard step does
not greatlyaffect the resistance. A comparisonof figures
97 and 98 gives similarresults for the narrower spray
strips (0.007bwide). The curves show that model 11-E-7
with two spray strips has almost as low resistanceas
11-E-6with three spray strips. Most of the loss in per-
formancecaused by removing one spray strip occurs”at Cv =
4.5 to 6.0 and for’ CA = 0.15 to 0.25.
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In order to extend the investigattinof the effects
of spray strips to models having longitudinalsteps of
s,omewhatdifferentform, testswere made of model 11-F
fittedwith three spray strips0.020b wido set at 30°
(modol11-F-1). The r~ults (fig~99) indicatethat the
addition of spray strips to 11-I?gave improvementof the
same order as thatfound for 11-E.

Additionaltestswere made of model 11-T equipped
with three spray strips to determinewhether the lengths
of the s-tripscould be reducedwithout seriouslyaffect-
ing the resistancecharacteristics. The curves of ab-
breviatedtest data for models 11-F-1, 11-I?-2,and 11-F-3
(fig. 68) show that shorteningthe spray strip on the in-
board step to approximatelytwo-thirdsbeam lengthahead
of the step and shorteningthe strip on the outboardstep
to a trifleunder beam lengthwould not greatlyraise the
resistan~. It was believed that the strips could not be
furthershortenedwithout sacrificingperformanceinas-
much as the reduced lengthsused im these tests were in
the water at moderatespeedsalovo the hump. The chine
strip was not shortenedbecause it was needed to reduce
tiheheight of the bow wave at low speeds.

Trimming-momentcharacteristics.-The plots of trim-
ming moment in the curves of originaldata (figs.34 to
55) show that the addition of spray stripsreduces some-
what the maximumpositive trimmingmomentsat hump speed.
This result bears out the results of reference4.

Spray Characteristics

Photographsshowing the spray patternsat .I.ow.,speeds
of the models as affected by longitudinalsteps and 3Y
spray stripsare shown in figure 100. Observationsduring
the tests showed that a model having longitudinalsteps
had more turbulencein the bow-wavoformationthan the
parent model but a slightlyreducedhoiglitof the wave.
The single-longitudinal-stepmodels showedless turbulence
than thdse having two longitudinalsteps. Adding three
full-lengthspray strips to a two-longitudinal-stepmodel
(see fig. 1OO(C))reduced the height of the wave but in-
creasedthe turbulence.

Typicalhigh-speedsprayformationis shown,infig-
ure 101. The addition of.spray‘strips0.007bwide to mod-
el 11-F reduced the height of the spray (seefig. 101(c));
the wider spray strips (0.020b)had a slightlymore pru- –
nounced effect. Shorteningthe length of the spray strips

.
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on the in%oardand outboard step of model 11-F, as in mod-
el 11-F-3,producedbut little increasein the height of
the spray.

CONCLUSIONS

The following.conclu.sionspertain‘tohums—having
longitudinalsteps spaced one-thirdand two-thirdsof the
half beam from the keel:

1. In ~en’eral,the conversionof a V-type forebodyto
one having“longitudinalsteps increasesthe hump resist-
ance and decreasesthe high-speedresistanceof the hull.

2. Reducing the number of longitudinalsteps on each
side from t’woto one decreasesthe hump resistancebut
adds somewhatto the high-spee~resistance,

3. The resistanceof a single-longitudinal-stepmodel
having the step at one-thirdthe half beam is generally
loss than that of a mo~el having the step a-ttwo-thirds
the half beam, except for heavy loads at the hump.

4. Spray strips reduce the height of the spray at
practicallyall speeds. Resistanceis reducedat both
hump and high speeds,particularlyfor heavy loads.. .

5. The optimumangle of the spray strip is between
15° and 30°. The resistancechangeshut little with mod-
erate change in angle. ,

6. The resistanceis only slightlyincreasedwith a
decreasein the width of spray strip.

7. The spray strips on the outboard steps of a two-
longitudinal-stepmodel equippedwith three full-length
stripsmay be removedwithout sacrificingperformancekx-
cept at medium speeds.

8. The spray strips on the inboard steusof a two-
step model may be shortenedto about two-th~rdsbeam
lengthand the stripson the out%oard steps to about one
beam length withoutappreciablyincreasingthe resistance.

LangleyMemorialAeronauticalLaboratory,
NationalAdvisory Committeefor Aeronautics,

LangleyField, Va,, May 13, 1936.
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TABLEI

OffsetsforN,A.C.A.ModelNo. M.-OF’lylng-BoatHull (Inches)

Dia-
tanoe
from
F.P,

0.0

::;
7.2

1%:
19.2
24.0

88.8

G
38.4
43.2
48.0
48.0
62.8
6’7.6
Ba.4
6’?.2
72.0
=

zX-
B1.6
65.4
31.2
96.0

Distanoefrombase line

Keel & 37g 4:~ 6f&

4.oil
9.1? 5.90
10.85 8.20 8.64
11.87 9,72 8.12 7.a4
12.5210.76 9.3’76.27
13.21la.ol10.83 9.03 9.13
13.47la.62u.7a 10.9110.18
13.5812.843.8.23IJ..5310.85

JIB5 Main Oove
7.MIohine

4.00

::$!
7.18
7.8’?
8.89

9.6a 9.56
Lo.2a 9.97

21ementrnof stationa
%=r_13”U %raight linesfromhereaf,

13.75 -
13.83 . i

~i

13.9a ‘Distanoefromoenter
14.00 line(planeof aym-
13.44 metry)to buttock
12.9? (aeotionof hull
1.2.!xl surfaoemadeby a

verticalplanepar-
E:%i allelto planeof
11.1.1 symmet:r]

%t-l--
6.91
4.77
3.64
a.50

I

710.3010.36
10.47

L
10.55
9.98
9.61
9.828.29
9.2a7.62
9.E4 ‘?.27
10.107,17
10.727.22

Tr

Ipper Mdn
hine ohine

I

0.15
2.07

t%

::%
7.n
8.17

‘8.40

T 8.49
8.EJ3
8.60

L
8.50
8.50

6.16 %$
7.15 6.97
6.23 5.07
6.4+ia.69

.20

T4.n
4.06
3.46
2.91
a.38

3.10
3.%’
5.07
2.59
x

EeJ.fbreadthe

~pper m WL2 W& WTJ4WI& 8ta-
hine %2.60 11.CQ 9.60 13.cm6.343tion

F.P.

40.52 1.1612
0.781.64 z.aa

0.641.673.I.6 bl/a
0.I.61.302.746.13 a
.93 2.78 5.10

:
6

6

7

2Distanoefrombase :
lineto waterline 10,F.
\seotionof hull 10,A.
aurfaoe&e by a

6.40 l.wrisontalplane E
8.11 purallelto baae
7.66 line) H
6.77 15

8.P.

5.78 16
4.61 1?
3.31 la
1.90 19
.40 20

I
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TA8E II

OffSets for Rmbody of li.A.0.A.Model 11-E Flying-BoatEull (Inohen)

I Dis- e fqomteee line
sta- hnoe Keel Inboard ktbeesd Main B1 B2 B3 84 B6 1=
ticm 5PM Lmfm step ohine l.Eil 3,00 4.EQ 6.00 7.50 board

. . lowerWpper Lineru= atep

F.P. 0.03 4.00 4.00
lp 2.40 9.17 6.26 5.90

4.80 10.85 6.24 8.80 6.64
M la 7.80 11.87 7.18 9.7a 8.la 7.a4—,
a 9.60 M.Ba
3 14.40

7.87 10.% 9.a7 i.a?
1-s3l13b 977 9 77

19.30 13:4$ la:ao 11:28 10:67J10:46
:

9
9:E8 12:74 ll:J 10:8g 10:;: 9.60 ;::

a4.oo ,18.E4+iu .76 ma3 11.11 10.95 9,97
s

la.11 11.47 10.?3 1.O.18 2.72
28.80 13.60●13.3.3la.46 11.6a 11.a6 10.1s
33.80 13.7&a

la.2a IJ..8711.wa 1o.61 2.00
3.’.?alJ3.6&*11.7911.44 10.34I 0.69 a.821

32.40 13.8&.13.48la.73-.11.94U .66.+10,s8 a.83
: 43.20 13.9%.:;.:: # .05 11.84-●1O.47 2.2LI
10,F. 46.00 !14.* . . 1.2.14u.7a.F1O.65 2.63,

TABLE111

m=

tep

rm-
6.14
5.46
5.60
~
6.66
5.66
E.66

Hdf-brel

==7=

$
0.16
a.07
3.63
4.6?
5.69 O.YE’
6.80 .93
7.71 1.86
6.17
8.40
8.42
8.
8.60
8.Hl

r,P. 0.00 4.(XI 4.00
1/2

0.15
a.40 9.17 5.2?3 6.80 2,07

6.34 8.30 6.M 3.63
Lfa w ::% 7.18 ‘g.;: ;.;a 7,a4

7.87 1
4.67

14.40 13:al 11.36 IJ..S59.77 9.77 24 la:ol 10:83 ;.8; 9.13
5.58

: 19.20 13.47 la.07 11.89 10.63 1o.46 ~:61 la.66 11.66 10.85 10.06 9.63 ::% w ;:%
24.00 A18.% ~la.62 12.23 11.11 1.O.95 10.11

: 22.80 13.68..la.83 la.46 11.63 u.a5 10.46
la.u 11.47 lo.n 1.O.28 a.72 5.46 6.17

33.60 13.76Tl
law 1.I..87u. la 1o.64 a.ao 5::: 8.40

3.00 12.621●l.78 11.44 10.66
8

J,Q&Q ~ ~ _&__
S.11 la,7s..1194 n a:83 5.66 8%

:06 ll:&5.W&l a.83 5.68 8.60
.14 u.7a- ,1o.97 am 6.66 6.60

I

“w1.00 9.E+38.0(

I I

+--l0.7s :::
0.64 1.67 3.1!
1.a0a4 :
a.76 6.10
4.al

+-t

6.a3
6.

rL5
;.50

—

..16
1.88

—

offsets for Forebodyof M .A.0.A. Mcdel 11-F K1.yin&BoatB’nll(Ioohe6)

0.52 1.IA
0.73 1.64 3.Z3

0.84 1.67 3.16
0,16 1.30 a.74 5,1s
.93 a.76 6.1o

1.76 4.al

6.33

1,

(

I

i; .,,

1

I

i:
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TABLEIV

OffsetsforForebodyofN.A.O.A.Model11-HFlying-BoatHull(InoheO)

Dia- Diatanoefrombaaeline HeJ,f-breadthe

f3ta-tanoe Keel B1 B3 B6 Outboard Main ~t- Mn WLl ma wL3 WL4 UL5

tion py 1.50 3.00 4.50 6.00 7.50 t3teD ohlne board olxinela.a 11.009.508.00”6.50
LowerUpper. . eteP

F.P. 0.00 4.00 4.00 0.15
1P 2.40 9.175.90 5.29 2.07 0.521.16

4.8010.858.206.64 6.34 3.53 0.731.643.22
1;1/27.ao11.879.728.127.24 7.18 4.67 0.641.673.15
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